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Introduction
When a patient is undergoing general anesthesia he/she will most likely be ventilated by a bag valve
mask, also known by the proprietary name Ambu bag. This bag valve mask is used during the interim
between the time the patient is loses consciousness and the ability to support their own airway and the
time that he/she is intubated and placed on a mechanical ventilator. This is a critical time for the patient
because many people stop breathing during this period and if adequate ventilation is not provided
permanent injury could result. The bag valve mask consists of a flexible air chamber attached to a face
mask via a shutter valve. When the bag is compressed it forces air through the valve and into the
patient's airway. When it is released the bag refills with air and the shutter valve closes until the next
compression. The bag valve method is a difficult task to master and requires the full attention of the
person performing the ventilation. In his article entitled Dangers of Bag Valve Masks, Dr. Wiesmann
said, " Keeping artificial ventilation rates low is difficult because the high adrenaline state of the rescuer
alters time perception, and the rapidly refilling bag–ventilation systems set up a reflex in which rescuers
are inclined to deliver breaths as soon as the bag inflates." [1] It is difficult for the person operating the
ventilator to adequately ensure that the person they are ventilating is receiving the correct respiratory
rate and tidal volume. Compressing the bag too much endangers the patient and risks lung damage.
Not enough pressure will result in lowered levels of gas exchange and if prolonged will lead to injury of
the patient.
The purpose of this project is to develop a replacement device for the bag valve masks by using an
electric blower based portable emergency ventilator. This device will effectively provide constant
positive airway pressure to the patient thus maintaining an open airway. It will give the operator the
ability to deliver specific pressures and volumes of gas to their patient at regular intervals as the
operator sees fit. The device will be portable and powered by a rechargeable battery pack contained
within the casing.

Methods
This device will utilize the miniature radial blower model: U51DL-4 from Micronel US, LLC. The blower is
shown in Figure 1. Figure 2 shows a schematic outline of the blower system. The preliminary work
being done on this project is to build the feedback control circuit that will drive the blower to create the
desired pressures within the mask and in the patient's airway. The circuits are being integrated with an
arduino mega 256 and the software is being written for the arduino environment. All of the pressure
and flow sensors are being calibrated using an Bio-Tek Gas Flow Analyzer VT Plus.
The next step in the project will be to develop a PID controller to optimize the pressure response that is
created by the blower. This PID controller is being developed in the arduino environment and tested
using the external flow/pressure meter. After sufficient feedback control is achieved the next step will

be to adequately describe the leak characteristics of the circuit. Our program must be able to respond
to changing leak conditions and adapt to maintain a constant pressure within the mask. Next, it will be
necessary to test the build and feedback control program on a test lung. This will allow for optimization
of the calibration and control constants that are part of the PID controller. Finally, construction and
testing of a prototype device would conclude this project.

Figure 1 - photos of the miniature radial blower model: U51DL-4 from Micronel US, LLC.

Figure 2 - Schematic outline for the electric blower based portable emergency ventilator.

Results
In order to drive the blower to create the desired pressures, the circuit shown in Figure 3 was designed.
The circuit takes the pulse-width modulated output of the arduino board and modifies the signal to a
value between 0.5-4.5V which controls the speed of the blower.

Figure 3 - Schematic of the blower controller circuit.
The next step was to calibrate the flow and pressure sensors which provide feedback to the controller
whether to raise or lower the flow. First, the signal of the differential pressure sensor that we used
needed to be amplified so the circuit shown in Figure 4 was designed. This circuit provided much higher
resolution data from the pressure sensor. The resistors used in the circuit resulted from the testing of
different resistors and finding the optimum response.

Figure 4 - Schematic for the differential pressure sensor amplifier.

Next, the flow and pressure sensors were calibrated using an external flow/pressure sensor. The Figures
5 and 6 show the data plots of the flow and pressure calibrations. The formulas were then inserted into
the arduino environment code in order to provide a pressure and flow measurement directly from the
program. This will now allow for the program to read the current flows and pressures and self regulate
itself to the desired level.

Figure 5 - Pressure sensor calibration with the conversion formula that was applied to the controller program.

Figure 6 - Flow sensor calibration with the conversion formula that was applied to the controller program.

Discussion
The initial results obtained have been promising and show the potential of the blower for the purpose
that is intended. The project is currently in the process of writing a PID controller and testing the
responsiveness of the blower to that controller. Leak characterization and adaptability will be the next
task. The electric blower based portable emergency ventilator is on track to become a device that will
positively impact patients who would normally be subjected to a bag valve mask.
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